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Koaaka I*, Takamura M. I mo to I.. Depressed-type early 
duodenal carcinoma (carcinoma in ait\i) observed by 
enhanced magnification endoscopy. Endoscopy. 2007 
Apr IS; [Epub ahead of print] 

3. Tanaka SC. TpYQdft TT, Kadowaki S. rlamada Y F Koeaka It, 
Yamanaka M. I mo to X. Use of proton pump inhibitors 
may cause squamous epithelial masking of intramucoeal 
C ^ C ;"? 0ma Barrett ' 8 ^.TOphagus. Endoscopy. 2007 Apr 
18»* LEpub ahead of print] 

4. Tanaka K ^o^aJti, Kadowaki S, ICoeaka R, Shiraiahi T, 
Imoto I, Smku H, Adachi Y. Features of early gaatric 
cancer and gastric adenoma by enhanced-magnification 
endoscopy. J Gastroenterol. 2006 Apr; 41(4):332-8. 

Introduction 

Aj* an expert in the field of endoscopy, I would like to make an 
affidavlt stating that the fluorescence electronic endoscopic 
system developed by Dr, Ekapot Bhunachet provided res nit a that 
could not have been anticipated or predicted based upon research 
that had bee n done up until the point of this invention, 
Furthermore, these results constitute a major breakthrough in. 



2 



endoscopy image qirality, deliveringr far superior image clarity to 
any endoscopy systems that preceded it. A summary of the 
history of fluorescence endoscopy development de mo net rate s this. 



Weaknesses of Previous Endoscopic Sy stems 

LIFE system OCiJJLLx. Tfechnologiea, Canada) was the first 
auto-fluorescence (AF) endoscopic system to be used widely in 
clinical studies. Since 1993, there have been many studies 
reporting that LXFEJ bronchoscopy can irnprove detection rate of 
early lung cancers (Reference 1, Table 4>, (References 52- 3>. 
LI F!E ~ O-i (Light-Induce d Fluore see nee Endoscopy for 

Gnstrolntestine, 2Cillx3c. Ibchnologies, Canada and Olympus Corp.^ 
Tokyo, Japan) was reported to be able to distinguish most 
gastrointestinal tumors (Reference 4>- rlowever, LIFE hes soxne 
serious we ak points . The system. by a. fiber-optic 

endoscope and a heavy image intensifying cam. era unit (with two 
image intensifier CGD cameras inside) attached to the eyepiece 
failed to provided sufficient image quality and maneuverability, 
and -was not feasible for general use in the era of high resolution 
video- endoscopy (or electronic endoscopy > (References The 
specificity of LIFE in detecting early esophagogastric cancers 
(Reference S>„ Barrett's esophageal cancers (Reference 6> and lung 
cancers (Reference 7) is found to be low. There are two possible 
explanations for these results. First, the algorithm, used to 
construct the -AT?" image accounts only for the ratio of red to green 
A.F and does not incorporate information from the reflected light. 
Second, the LIFE system included fiberoptic endoscopes, which 
provide a poor white - light image compared with currently 
available, high-quality video-endoscopes (Reference €J„ page 679) . 

In 1999, there -were two newer AIT systems introduced, the 
X> -Light 3y ste m Otorz, Tuttlingen, O o r m any) (References 1, S 
and 9> and the SAFE lOOO (Pentax, Asahi Optical Tokyo, -Japan) 
(References I, lO «- itvcA 1 X) . These proved to be cheaper and. xnore 
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endoscopy image quality, deliv^erin^ far sxip^rior imago clarity to 
any endoscopy ay stoma that preceded it. A summary of the 
history of fluorescence e ndoecopy development deinonstrates this. 



Weaknessefl of P^v j QUB EudOB COPic SvRt.o^ ift 

system C5Cillix Technologies, Canada) was the iurst 
auto-fluorescence OVP) endoscopic system to ho used widely in 
clinical studies. Since XO©3, there have been many studies 
reporting that LIFE bronchoscopy can improve detection rate of 
early lung: cancers (Reference 1, Table 4,), (References 2-3). 
LIFE-GI (Light-Induced Fluorescence Endoscopy for 

Gastrolntestine, ^Cillix Technologies, Oanada and Olympus Corp., 
Tblcyo, Japan) was reported to he able to distinguish most 
gaatrointestinal tumors (Reference 4). Howe ve r, LIFE has some 
serious we alt points. The system by using: sl fiber- optic 

endoscope and a heavy image intensifying camera unit (with two 
image intensifier CCD cameras inside) attached to the eyepiece 
failed to provided sufficient ima&e quality and maneuverability, 
and was not feasible for general use in the era of high resolution 
video -endoscopy (or electronic endoscopy) (Eeferences 4- 7). The 
specificity of LIFE in detecting early esophagogastric cancers 
(Reference 5), Barrett's esophageal cancers (Reference <3) and lung 
cancers (Reference T> is found to be low. There are two possible 
explanations for these results. First, the algorithm used to 
construct the AF image accounts only for the ratio of rod to green 
AF and does not incorporate information from the reflected light. 
Second, the LIFE system included fiberoptic endoscopes, which 
provide a poor white-light image compared with currently 
available, high-quality video- endoscopes (Reference page 679). 

In 1999, there were t^wo newer AF systems introduced, the 
E> -Light System (Storz, Tuttlingen. Germany) (References 1, 8 
and 9) and the SAFE lOOO (Font ax, Asahi Optical Tbkyo, Japan) 
(References 1. lO and ll). These proved to be cheaper and more 



convenient in their handling. However, these two newer AF 
svst I^V^ T t t." u« „. ~ * ^ newer -*Vr 



systems, like the LIFE system before them, used fiWoplfc 
TSSTT 1 ^ ^ ^ im -^- obtained remained dim. show^g 
LIFE improvement on the images produced by the 

LIFE system (Reference 9. Figures. 1 and 22), (Reference n 



XxxiXw&tlTV Fails tO TiPRQlve System W^ w kn^^ ^ 

^ _ a of the poor clarity in images developed using this 

technology for years there had been strong demand from 
climcxans to develop a new generation of AF system based on 
video -endoscope technology. 

^ described above, optical fiberscopes have typically been used 

for fluorescence observation. It is considered that a conventional 
mxmat urize d CCD can hardly detect fluorescence lights, which 
are extremely wo ale especially in case of a utofluoro see nco 
(.References 12 and 13). This is because the smaller the CCD 
the less sensitive it is to light (Reference 14. page 888)' 
Interestingly, in 1903, there had been a report of a study using a 
fluorescence video -endoscopic system developed by Olympus 
(Tokyo, Japan) (Reference 15). This system, however, failed to 
demonstrate real time changes of fluorescence on the surface of 
colonic mucosa. Electronic endoscopic images were sequentially 
recorded as digital data every second for two minutes after 
intravenous administration of fluorescent material. Each image 
had to be processed by computer in order to accentuate the 
change with fluorescence- 



Breakthrough Fluorescence Endoscopic Sv«te rn 

In 2002, Shunachet ot al. reported the first study using 
fluorescence electronic (or video) on.dos<=o:E>i«3 «*y x» 
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convenient in their Handling. However, those two newer AJF 
systems, lilce tho LIFE system before thom, uaed aber-optic 
endoscopes, and the images obtained remained dim, showing 
l: 1 ^^ appreciable improvement on the images produced by tho 
t( IFE syatem (Reference Q, Figxirea. 1 and 2) F (Reference 11 
Figures. 2 and 3>_ 



IndiiRtry Fails to Resolve Sv^f—i-r^ WeakneaBe» 

Aa ^ reevat ° r poor clarity in images developed using this 

technology, for years there had been strong demand from 
cHmcians to develop a new generation of AF system based on 
video-ondoscope technology. 

A& described above, optical fiberscopes have typically been used 
for fluorescence observation. It ie considered that a conventional 
miniaturized CCD can hardly detect fluorescence lights, which 
are extremely we alt especially in case of autofluore see nee 
(References 12 and 13). This is because the smaller the OOID. 
tho less sensitive it is to light (Reference 14. page 888). 
Interestingly, in 1993, there had been a report of a study using a 
fluorescence video- endoscopic system developed by Olympus 
CXblcyo, Japan> (Reference 15). This system , however, failed to 
demonstrate real-time changes of fluoresce nee on the surface of 
colonic mucosa. Electronic endoscopic images were sequentially 
recorded as digital data every second for two minutes after 
ir^fcravenous administration of fluoresce nt material. Each image 
had to be processed by computer in order to accentuate the 
change, with fl\a.ore see nee . 



Preftkt»hroufi:h Fluorescence EndoHnnnip. flvA^i^ 

Xn 2002, Rhunachet et al. reported the first study using a 
fluorescence electronic (or video) endoscopic ay^tem able to 



demonstrate real time changes of fluorescence on the surface of 
gastric mucosa after intravenous injection of fluorescein sodium 
(Reference 16). In this study, it was reported that fluorescein 
electronic endoscopy was useful in determining the extent within 
the mucosa of gastric cancers when this was obscure by standard 
endoscopic observation, and for detecting extremely early stage 
cancer that was not evident by conventional endoscopic 
observation. This fluorescence electronic endoscopic system was 
also able to observe the difference of auto -fluoresce nee omitted 
from an early gastric cancer and the surrounding normal gastric 
mucosa (Reference 16, Fig. 8F). Beside these impressive results, 
one of the most striking points of this study is that Bhunachet et 
al. themselves developed this fluorescence electronic endoscopic 
system using a conventional electronic endoscopic system 
(C*lympus, r I>>kyo, Japan) commonly used. and especially 
"wide spread in Japan. 

This system has a light source, with *i rotary red/green/blue 
band -pass filter. With this light source, the mucosa is 

sequentially illuminated with red, green, and blue light. The 
reflected red, green, and blue light is detected by a black and 
white CCD and is converted to an electronic signal that is passed 
to the video processor, which is synchronized with the rotary filter. 
The processor electronically overlap© the red. green, and blue 
signals to produce a high-quality white-light image. The only 
items needed to turn the com mo nly used electronic endoscopic 
instrument to a fluorescence electronic endoscopic system are a 
thin-filmed barrier filter and a glass adjuster filter, which cost 
less than $30. In this study, the barrier filter was attached to 
the glass covering the objective lens of the endoscope with glue, 
and the adjuster filter was placed in the existing filter holder 
within the light source. The latter concentrating the blue light 
and cut off some portions of green and red light can be moved with 
a single touch in or out of light path of the lamp. The barrier 
filter eliminates the blue excitation light, but passes the 
fluorescence and green and red lights. Tho ^quentially dctroc^ocL 
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the mucosa of gastric cancers when this ™scu« X ^ 
endoscopy observation, and for detecting extrem7y elrWa^e 

observation. Tins fluorescence electronic endoscopic system was 
also able to observe the difference of auto-fluoreLnTe eZ7Z 
from an early gastric cancer and the surrounding normal ^c 
mucosa (Reference 16, Fig. 8P). Beside these impressive 
one of the most striking points of this study is that BhunacS 
al. themselves developed this fluorescence electronic endoscopic 
system using a conventional electronic endoscopic system 
(Olympus Tokyo, Japan) commonly used, and especially 
widespread in Japan. 

This system has a light source, with a rotary red/green/blue 
band-pass Filter. With this light source, the mucosa is 
sequentially muminated with red, green, and blue light. The 
reflected red, green, and blue light is detected by a black and 
white CCD and is converted to an electronic signal that is passed 
to the video processor, which is synchronized with the rotary filter 
The processor electronically overlaps the red, green, and blue 
signals to produce a high-quality white-light image. The only 
items needed to turn the commonly used electronic endoscopic 
instrument to a fluorescence electronic endoscopic system are a 
thin-filmed barrier filter and a glass adjuster filter, which cost 
less than $30. In this study, the barrier filter was attached to 
the glass covering the objective lens of the endoscope with glue, 
and the adjuster filter was placed in the existing filter holder 
within the light source. The latter concentrating the blue light 
and cut off some portions of green and red light can be moved with 
a single touch in or out of light path of the lamp. The barrier 
filter eliminates the blue excitation light, but passeB the 
fluorescence and green and red lights. The sequentially detected 
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image from fluorescence, green reflectance and red reflectance are 
integrated by the image processor into one image. The image 



- ^ * —*«v, uiio image, me image 

obtained, therefore, has 3 spectral components: (1) total 
fluorescence ' _ 
reflectam 
567-569). 



fluorescence in response to blue light excitation, (2) green 
W^SS" Ught ' *"* (3> reflectance U « ht (Reference 16, pages 



The images provided by the former fiber-optic fluorescence 
endoscopic systems, the LIFE, D-Light, and SAFE 1000 systems 
are still relatively dim, despite the use of an intensified CCD 
camera. In the AF mode, LIFE (References 4'6) and SAFE 1000 
(Reference 11) provide images composed of the fluorescence image 
and D-Light combines the fluorescence image with some' 
reflectance of blue light (Reference l), (Reference 9, Figure 2) 
By comparison, the hand made fluorescence electronic endoscopic 
system by Bhunachet et al. can produce bright, high quality 
images even in an organ with a large internal volume, such as the 
stomach, where images tend to be dim. Real time changes in 
fluorescence can be observed on a bright background. This is 
because the image provided by this fluorescence electronic system 
is a coalescence of the fluorescent image, picked up and amplified 
electncally by the blue channel, and the background image, which 
is picked up by the green and red channels, with light adjusted by 
the adjuster filter: that is, the image is constructed with all 3 
colors. Because the fluorescence image and background image 
are received by different channels, it is easy to recognize the 
source of the fluorescence emitted on the background (Reference 
16, page 569) 



Scientific Communit y Recrt^ niT ^B the Advance Marip 
Possible by a Fluore scence Endoscopic Sy stem 

In 2005, there were 4 papers published using a newly developed 
auto-fluorescence imaging (AFD video-endoscope system 
(Olympus, Tokyo, Japan) for detection of colonic (Reference 4), 
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esopliaogastric (Reference 5), Barrett's esophageal (Reference 6) 
and lung cancers (Reference 7). This AFI video-endoacope 
system utilizes the same methodology as the ayetom developed 
earlier by Bbuudachet et al (Reference 16). It was reported that, 
compared, to the LIFE eystem, this new AFT video-endoscope 
system., ueingr a different algorithm. (Reference 6, page 680), was 
more superior in it a image quaUty and m ane uve i-ab ility. 
PhotoeraphB of the same lesions taken by the LIFE fiberoptic 
eye tern. and the AFI video- endoscopic system demonstrated 
evident superiority of the latter in both white light and 
auto-fluorescence modes (Reference 4, figure *Y), (Reference G. 
figure 4>, (Reference T» figure 3). There was lack of light for a viow 
from a great distance, making diagnosis difficult (Reference 
page 237). In contrast, images obtained by AFI provided better 
brightneBs and lesion margins were clearly evident (Reference 4, 
page 237). 

While the UtFE syste m is bulky (Reference page 396) 

having a heavy image intensifying camera unit (with two image 
intenai&er CCD cameras inside) (Reference 4. figure 1) attached 
to the eyepiece of a fiber-optic endoscope , the AFI system has the 
same appearance (Reference 4, figure 2) and the same 
maneuverability as that of a conventional video-endoscope 
(Reference 4, figure 2>, (Reference o, page 522). 

The diagnostic performance of the video endoscope system 

was reported to have higher specificity for the detection of colonic 
neoplasms than LIFE fiberscopic imaging (Reference 4, page 238). 
It was also reported that AFI may improve the detection of high 
grade dysplasia or early cancers in patient with Barrett's 
esophagus, while it had been proven in a randomized cross -over 
study that no increase in the rate of detection was found using 
LIFE (Reference 6, page G79). The AJFl correctly diagnosed all 
superficial esophageal cancers Without chron^o- endoscopy. The 
LIFE system had a sensitivity of 91% and a specificity of 31% for 
detection, of esophageal squamous cell carcinomaa in patients 



Wltl: \^ K€3au<i neck cancer (Reference fS, page 627) The 

(S3^) X w ^ detecting preinvasive bronchial lesions by AFI 

« ^>**Z si&nificantly higher than that of LIFE (36.6%) <V» =, 
O.OOOS) (Reference G, page S07). 

Belationehjn between AFI and Flu o rescence RWtmni^ 
Endoscopic System of HViTiTi n nli«t et a l 

From 2006, two fluorescence videoendoscopic systems have 
SAFE %oo^^° TC * -A** (Olympus, Tokyo. Japan) and 

fc»AFE 3000 (Pentax, Tokyo, Japan). It is considered that the AFI 
video-endoscopic system is <Ao *&nBttxm* that incorporates a 

high-resolution video endoscope and a combined fluorescence and 
reflectance imaging modality (Reference IT). The SAFE 3000 
uses a diode laser light as the excitation light. The objective lens 
functions to eliminate the wavelength of excitation light, and 
passes only the fluorescence from the object to a coA>r 
(Reference IS, page 22). SAFE 3000 provides only fluorescence 
xmagee without coalescence with reflection light imago© 
(Reference IS, Figures 3 and 4). 

It should be pointed out here that the AFI system (Olympus, 
Tokyo, Japan> (References 4-7\> used the same .methodology as that 
of the hand- made fluorescence electronic endoscopic system, 
developed by IBhunaehet et al. based on a commonly used 
electronic endoscopic syetem (Olympus, Tokyo, Japan) (Reference 
16) (Compare Figures 13 of Reference 16 with Figure 3 of 
Reference 4 and Figure 1 of Reference S)_ 73fr«Lraifetru9v ^E&iMAoA^^ 

In both systems, blue spectrum, light is delivered for excitation, 
together with light in the green and the red spectra. A barrier 
filter is placed in front of a black and white CCD to eliminate the 
blue excitation light, but pass the fluorescence and green and red 
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with head and neck cancer (Reference 5, page 527) The 
Sf^ lty &r pre-invasive bronchial lesions by AF1 

was significantly higher than that of LIFE (36 6%) (d = 
0.0005) (Reference 6, page 307). 

Relationship Between AFT and Fluorearar^ Electmnin 
Endoscopic System of Bhunac ftftt e»t pi 

From 2006, two fluorescence videoendoscopic systems have 
become commercially available, AFI (Olympus, Tokyo, Japan) and 
SAFE 3000 (Pentax, Tokyo, Japan). It is considered that the AFI 
video-endoscopic system is the Srat system that incorporates a 
high-resolution video endoscope and a combined fluorescence and 
reflectance imaging modality (Reference 17). The SAFE 3000 
uses a diode laser light as the excitation light. The objective lens 
functions to eliminate the wavelength of excitation light, and 
passes only the fluorescence from the object to a color CCD 
(Reference 18, page 22). SAFE 3000 provides only fluorescence 
images without coalescence with reflection light images 
(Reference 18, Figures 3 and 4). 

It should be pointed out here that the AFI system (Olympus, 
Tokyo, Japan) (References 4-7) used the same methodology as that 
of the hand-made fluorescence electronic endoscopic system 
developed by Bhunachet et al. based on a commonly used 
electronic endoscopic system (Olympus, Tokyo, Japan) (Reference 
16) (Compare Figures 13 of Reference 16 with Figure 3 of 
Reference 4 and Figure 1 of Reference 5). Therefore, Bhuhchet et 
al s system is actually the Srat system that Incorporates a video 
endoscope and a combined fluorescence and reflectance imaging 
modality. 

In both systems, blue spectrum light is delivered for excitation, 
together with light in the green and the red spectra. A barrier 
filter is placed in front of a black and white CCD to eliminate the 
blue excitation light, but pass the fluorescence and green and red 
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lights. The sequentially detected image from fluorescence ™» n 
reflectance and red reflectance are tategrated by the ^a^ 
processor into one imago. The image obtained, therefor 7^1 
spectral components: (1) total fluorescence in response to Wue iSht 
excitation » green reflectance light, and (3) red reflectan ™U g ht 
The only difference between the AFI system and the fluorescence 
electronic endoeocpic system developed by Bhunachet et aL is that 
m the AFI system, the image processor pseudocolors fluorescent 
image to green, the green reflectance image to red. and the red 
reflectance image to blue (Reference 6, page 622), but not in the 
latter. 



Fluorescence Video-endn H r.n p i c System'* FfrtraordinnrY 
Results Could Not. TW g Been A*tt™ p *^ 

At present, it is widely accepted that a newly-developed 
fluorescence video-scopic system with the same methodology as 
that of Bhunachet's system, the AFI system, is more superior 
than the fiberoptic LIFE system developed more than ten years 
ago both from the points of image quality and maneuverability 
(References 4-7). The algorithm used in this new fluorescence 
videoendoscopic system is different from that of the LIFE system 
(Reference 6, page 680). The LIFE system used to cost about 
80,000,000 Yen (about $700,000). Now one can buy an AFI 
system for approximately 6,000,000 Yen (about $50,000). 
Clearly if anyone had anticipated a technical innovation of this 
kind a manufacturer would have stepped in with a new 
competitive product sometime during this ten year period. 

Bhunachet et al. developed their fluorescence electronic 
endoscopic system merely by placing a barrier filter in front of the 
Black and White CCD of a conventional electronic endoscopic 
system commonly used prior to the introduction of the LIFE 
system (Reference 15). This fact is both remarkable and 
unexpected. 
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market demand for improving "„ J* 161 *," 88 

in easting technolMrv TL ! ^ qUahty ex Pe™nced 

resolution ^ "* y °* yeare »»*»° without any 

systems e^itmg the same inherent weaknesses as LIFE fe 

Conriiiejpn 

Having witnessed the evolution of various systems in the field 

ft,™?? ^ methodology developed by Bhuhachet et al, I am 

haTl ^ thl8 System > i»P»»ive in its simpucf^ 

has given bn-tli to a significant innovation that had no? and 
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